










































4HE  RECENT DISCOVERY OF  THE CATALYTIC ACTIVITY OF GOLD  IN #/ 
OXIDATION  	  HAS  ENHANCED  THE  INTEREST  IN  APPLYING  THIS 
METAL  TO  THE  SELECTIVE  OXIDATION  OF  ORGANIC  COMPOUNDS 
EITHER  IN THE  LIQUID PHASE 	 OR THE GAS PHASE 	 AND 
USING OLE½NS ALCOHOLS AND ALDEHYDES AS COMMON SUBSTRATES 
!PPLICATION  OF  GOLD  CATALYSIS  TO  THE  TOTAL  COMBUSTION  OF 
VOLATILE  ORGANIC  COMPOUNDS  6/#S	  HAS  ALREADY  BEEN 
REPORTED  	 !S  A GENERAL  COMMENT  IT  HAS BEEN  FOUND 
THAT  THE CATALYTIC ACTIVITY OF GOLD  IS GREATLY  IMPROVED WHEN 
USED  IN  THE  FORM  OF  NANOPARTICLES  IN  THE  RANGE    NM 
AND  DEPOSITED  ON  CERTAIN  OXIDIC  SUPPORTS  	  )N  THE  CASE 
OF  #/  OXIDATION  IT  IS  KNOWN  THAT  NOT  ONLY  THE  SIZE  OF  THE 
SUPPORTED  GOLD  PARTICLES  BUT  ALSO  THE  INTERACTION  BETWEEN 
THESE PARTICLES AND  THE  SUPPORT  AS WELL  AS  THE PREPARATION 
TECHNIQUES  ARE  IMPORTANT  FACTORS  AFFECTING  STABILITY  AND 
HENCE ACTIVITY OF THE RESULTING CATALYSTS 	 )N FACT MORE 
ACTIVE  CATALYSTS  ARE  OBTAINED BY  DEPOSITIONPRECIPITATION  OR 
COPRECIPITATION METHODS AS COMPARED TO INCIPIENT WETNESS 
METHODS 	 &URTHERMORE DUE TO THE HIGH MOBILITY OF THE 
GOLD NANOPARTICLES  HIGH  SURFACE  AREA  SUPPORTS  ARE  NEEDED 
TO STABILIZE THE NANOPARTICLES  IN A DISPERSED STATE   AND THE 
CATALYTIC ACTIVITY IN OXIDATION REACTIONS IS ENHANCED WHEN THE 
GOLD  IS DEPOSITED ONTO OXIDE  SUPPORTS HAVING  THE ABILITY  TO 
UNDERGO REDOX CYCLES SUCH AS #E/ 6/ OR 4I/
 	 
/UR  ATTENTION  IS  HERE  FOCUSED  ON  6/#S  PARTICULARLY 
ORGANIC  COMPOUNDS  OF  AN  ANTHROPOGENIC  NATURE  EMITTED 
FROM MANY INDUSTRIAL PROCESSES AND TRANSPORTATION ACTIVITIES 
THAT  CAN PRODUCE PHOTOCHEMICAL OXIDANTS BY  REACTION WITH 
NITROGEN OXIDES  IN  THE PRESENCE OF  SUNLIGHT  	 5SING  THIS 
DE½NITION  MANY  VOLATILE  ORGANIC  COMPOUNDS  ARE  INCLUDED 
IN  THIS  CLASS  SUCH  AS  ALIPHATIC  AROMATIC  AND  HALOGENATED 
HYDROCARBONS  ALCOHOLS  KETONES  ALDEHYDES  ESTERS  AND 
ACIDS  $UE  TO  THEIR  HAZARDOUS  AND  TOXIC  NATURE  AS  WELL  AS 
THEIR  CONTRIBUTION  TO  SMOG  FORMATION  THEY  ARE  CONSIDERED 
TO  BE  MAJOR  CONTRIBUTORS  TO  AIR  POLLUTION  	  )NCREASING 
CONCERNS ABOUT THE DETOXI½CATION OF HYDROCARBON POLLUTANTS 
AS WELL  AS  THE GROWING EMISSION OF 6/#S  IS  LEADING  TO  THE 
DEVELOPMENT  OF  ABATEMENT  TECHNOLOGIES  !MONG  THE 
TECHNOLOGIES  ALREADY  AVAILABLE  CATALYTIC  COMBUSTION  ALLOWS 
MUCH LOWER TEMPERATURES ^#	 WITH RESPECT TO THERMAL 




PREPARED  BY  THE  SIMPLE  INCIPIENT  WETNESS  METHOD  IN  THE 
TOTAL  OXIDATION OF  A  REPRESENTATIVE GROUP OF  6/#S  HEXANE 
BENZENE  AND  CHLOROBENZENE	  )N  ORDER  TO  COMPARE  THE 
DIFFERENT EXPERIMENTAL PROCEDURES FOR PREPARING THE CATALYST 
GOLD REDUCTION HAS BEEN PERFORMED UNDER BASIC AND ACIDIC 
CONDITIONS  )N  PARTICULAR WE USED  AMMONIA  FOR  ALLOWING  AN 










  H  BENZENE    H  CHLOROBENZENE    H 
/XYGEN  IN  THE  FEED WAS  CA   IN EXCESS WITH  RESPECT  TO 
THE  STOICHIOMETRIC  VALUE  USING    REACTANT  IN  AIR  AND  THE 
CATALYSTS WERE  TESTED  IN  THE  TEMPERATURE  RANGE O# 
%ACH  HYDROCARBON  WAS  FED  TO  THE  REACTOR  BY  BUBBLING  AIR 
IN  A  6APOR,IQUID3ATURATOR  6,%	  AND  THE  RESULTING  STREAM 
PROPERLY  DILUTED  WITH  A  SECOND  AIR¾OW  !IR  STREAMS  WERE 
REGULATED THROUGH "ROOKS MASS¾OW CONTROLLERS 3TEADY STATE 
CONVERSION  DATA  AT  EACH  TEMPERATURE  WERE  OBTAINED  BY 







  WTWT  GOLD  CATALYSTS  WERE  PREPARED  BY  IMPREGNATION 








AFTER  THE  CATALYTIC  CYCLE  WITH  DIFFERENT  REAGENTS  AT  # 
#E:R/ HOWEVER SHOWED A  REMARKABLE  THERMAL  STABILITY 

















WITH  THE  EXCEPTION  OF  THE  DECREMENT  IN  !U#E:R/  .	 
WHEREAS  STRONG  GROWTH  WAS  ALWAYS  DETECTED  AFTER  REACTION 

















OXIDE  SUPPORTING MATERIAL  IS  REPORTED  IN 4ABLE  2EFERENCE 




LOADING  OF  !U  WERE  PREPARED  USING  AN  IMPREGNATION 
TECHNIQUE    )N  THE  ½RST  SERIES  THE  CALCULATED  AMOUNT  OF 
(!U#L  PREPARED  DISSOLVING  METALLIC  !U  SPONGE  IN  AQUA 
REGIA AND DILUTED TO THE APPROPRIATE VOLUME WITH WATER WAS 
½RSTLY  IMPREGNATED  ONTO  THE  OXIDE  SUPPORT  4HE  RESULTING 
POWDER G	 WAS THEN CONTACTED WITH  ML OF A CONCENTRATED 
AQUEOUS  SOLUTION OF  AMMONIA  AND  REDUCED WITH  ML OF 
A  FRESHLY  PREPARED  .A"(  SOLUTION  .A"(!U    	  4HE 
CHOICE OF THIS REDUCING AGENT ENABLED FAST REDUCTION OF THE 








)N  THE  SECOND  SERIES  THE  GOLDBASED  CATALYSTS  WERE 
PREPARED AS DESCRIBED ABOVE BUT GOLD WAS REDUCED WITHOUT 
ADDING AMMONIA  THEREFORE  IN ACIDIC CONDITIONS DUE  TO  THE 
(!U#L SOLUTION
  #ATALYST CHARACTERIZATION
4HE  SPECI½C  SURFACE  AREA  FOR  EACH  SAMPLE WAS  DETERMINED 
ACCORDING  TO  THE  "%4  METHOD  FROM  NITROGEN  ADSORPTION 
AND  DESORPTION  SINGLE  POINT  ISOTHERMS  AT  LIQUID  NITROGEN 
TEMPERATURE    +	  WITH  A  4HERMO  1UEST  3URFACE  !REA 




FROM  PEAK  HALFWIDTHS  BY  USING  3CHERRER´S  EQUATION  WITH 




DUE  TO  SURFACE  AREA  3!	  4ABLE  	  AND  GOLD  PROMOTION 





THE  CATALYST PREPARED WITH  AMMONIA  SHOWING A  3! DROP OF 
  5NTREATED  :R/ AND  #E:R/  WERE  NOT  EFFECTIVE  IN 
LOWERING  THE  THERMAL  LIGHTOFF  TEMPERATURE  (OWEVER  GOLD 







CATALYST  STARTED  ITS  ACTIVITY  AT  #  AND  LED  TO  A  MODEST 
CONVERSION OF  AT # 
7ITH  BENZENE  OXIDATION  THE  PRELIMINARY  TEST  IN  THE 
ABSENCE OF CATALYST SHOWED NO CONVERSION UP TO # !S 
IN THE CASE WITH HEXANE OXIDATION LOW LIGHTOFF TEMPERATURES 
#	  WERE  OBSERVED  WITH  CERIA  AND  CERIAZIRCONIA 
SUPPORTS  &IGURE  B	  )N  PARTICULAR  !U#E/  PREPARED  WITH 
.( ALSO SHOWED THE HIGHEST EF½CIENCY EXPRESSED BY THE TOTAL 
   #ATALYTIC OXIDATION 
4HE  LIGHTOFF  TEMPERATURE  AND  CONVERSION  DATA  COLLECTED 
DURING  THE  COMPLETE  OXIDATION  OF  HEXANE  BENZENE  AND 





CONDITIONS  USED  AN  INITIAL  OXIDATION  TEMPERATURE  OF  # 
WAS  OBSERVED  FOR  HEXANE  ACCOMPANIED  BY  A  CONSISTENT 




#  WITH  BENZENE  &IGURES  A  B	  AND  CHLOROBENZENE 
&IGURES A B	 REAGENTS IN THE ABSENCE OF CATALYSTS
4HE CATALYTIC DATA FOR THE OXIDATION OF HEXANE &IGURES A	 
INDICATE  A  LOW  LIGHTOFF  TEMPERATURE  #	  FOR  UNTREATED 
#E/ BUT ONLY A  LOW CONVERSION  	 !S  THE TEMPERATURE 
WAS  INCREASED  IT  WAS  POSSIBLE  TO  OBTAIN    CONVERSION 
AT  #  $EPOSITION  OF  GOLD  ON  THIS  MATERIAL  CAUSED  A 
DROP OF # IN THE LIGHTOFF TEMPERATURE AND A FAIRLY GOOD 
CONVERSION  	  AT  # WITHOUT  ANY  ADDITIONAL  BENE½T 






&RESH  (EXANE  "ENZENE  #HLOROBENZENE
!U#E/    
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&RESH  (EXANE  "ENZENE  #HLOROBENZENE
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CONVERSION  AT  #  /F  GREAT  RELEVANCE  IS  THE  BEHAVIOUR 
OF  THE  7'#  REFERENCE  CATALYST  !U&E/  SHOWING   
CONVERSION JUST AT THE LIGHTOFF TEMPERATURE OF #
4HE  COMPLETE  OXIDATION  OF  BENZENE  HAS  RECENTLY  BEEN 
INVESTIGATED  BY  !NDREEVA´S  GROUP  USING  GOLDPROMOTED 
VANADIA  DISPERSED  ON  4I/  :R/  	  AND MORE  RECENTLY 
GOLD  MODI½ED  #E/  ¯6/  	  4HESE  INVESTIGATORS 
HAVE  INDICATED  AN  IMPORTANT  SYNERGISTIC  EFFECT  INDUCED  BY 
GOLD  WHICH  CAN  BE  EVALUATED  BY  THE  RELEVANT  INCREMENT 
IN  BENZENE  CONVERSION  AT  #  PASSING  FROM    TO 









WITH  !U#E/  .	    CONVERSION WAS  ACHIEVED  AT  # 
AND USE OF !U#E :R/ LED TO  CONVERSION AT # 
)N ORDER TO EVALUATE THE STABILITY OF THE !U#E/ .	 CATALYST 
BENZENE  CONVERSION  AT  #  HAS  BEEN MONITORED  FOR   
HOURS  ON  STREAM  &IGURE  	  4HE  DATA  INDICATE  A  CONSTANT 
CONVERSION  OF    THROUGHOUT  THE  TEST  DURING  WHICH  THE 
GOLD PARTICLE SIZE REMAINED UNCHANGED  4ABLE 	 
)T IS KNOWN THAT THE DISPOSAL OF CHLORINATED HYDROCARBONS 
REQUIRES  SPECIAL  CARE  IN  THERMAL  INCINERATORS  IN  PARTICULAR 
A  TREATMENT  USING  UP  TO  #  #OMPARING  THE  RESULTS 
OF  CATALYTIC  CONVERSION  OF  BENZENE  &IGURES  A  B	  AND 
CHLOROBENZENE  &IGURES  A  B	  WITH  CERIA  AND  ZIRCONIA 
DERIVATIVES WE HAVE OBSERVED A GREATER STABILITY INDUCED BY 
THE  PRESENCE  OF  THE  CHLORINE  SUBSTITUENT  WHICH  CAUSED  A 
SHIFT OF  THE CONVERSION PRO½LES  TO HIGHER  TEMPERATURES  &OR 
CHLOROBENZENE WE  NOTED  THE  LOWEST  LIGHTOFF  TEMPERATURE 
AT # WITH !U#E:R/ .	 AND !U#E/ WHICH SHOULD 
BE  COMPARED  TO  THE  RELATIVE  INERTNESS  OF  THE  UNSUPPORTED 
OXIDES  !T  THE  INTERMEDIATE  TEMPERATURES  #	 




OF  ALL  THE  SUPPORTING  MATERIALS  BUT  DID  NOT  PROMOTE  THEIR 
























































































































SELECTIVITY  TOWARDS  TOTAL  COMBUSTION  WAS  ALWAYS  OBTAINED 
IN  THE ½RST HOUR ON  STREAM CONSISTENT WITH  THE ABSENCE OF 
FRAGMENTATION  PRODUCTS  IN  THE  '#  ANALYSES  (OWEVER  THE 
MOST  EF½CIENT  CATALYSTS  !U#E:R/  .	  AND  !U#E/ 
TURNED FROM DARK PINK TO A YELLOWBROWN COLOUR AFTER A FEW 
HOURS  4HE  CHANGE  OF  THE  CATALYST  ASPECT  TOWARDS  A  ³GOLD 











FAST  FOR  EVALUATION  OF  ITS  CATALYTIC  PERFORMANCE  )T  IS  WORTH 
NOTING THAT THE 7'# REFERENCE CATALYST !U&E/ WAS FOUND 
TO HAVE A COMPARABLE ACTIVITY  TO  THE GOLD ON #E/ AND ON 







TO  THE  SUPPORTING  MATERIAL  ENHANCES  THE  CATALYTIC  ACTIVITY 
AS  INDICATED BY  LOWERING  THE  LIGHTOFF  TEMPERATURE  AND  THE 
TEMPERATURE  OF MAXIMUM  CONVERSION  &OR  COMPARISON  THE 
7'# !U4I/ CATALYST WAS NOT VERY ACTIVE WHEREAS !U&E/ 
SHOWED  A  BEHAVIOUR  COMPARABLE  TO  THE  !U#E/  AND  !U
#E:R/ PREPARED FOR THIS STUDY )T IS INTERESTING TO NOTE THAT 





A GENERAL  TREND OF  THE DEPENDENCE OF  THE CATALYTIC ACTIVITY 
ON  THE  NATURE  OF  THE  SUPPORT  IS  HARD  TO  DERIVE  EXCEPT  IN 
THE  CASE OF  :R/ WHERE  ITS  LOW  AREA  LED  TO  LIMITED  CATALYTIC 
PERFORMANCE
4HE  CATALYSTS  WERE  STABLE  DURING  HEXANE  AND  BENZENE 
OXIDATION BUT UNDERWENT RAPID DEACTIVATION IN THE PRESENCE 
OF  CHLOROBENZENE  ARISING  FROM METAL  PARTICLE  GROWTH  4HIS 
LATTER POINT REPRESENTS A LIMIT TO THE USE OF GOLDBASED CATALYST 
FOR THE DISPOSAL OF CHLORINATED ORGANIC COMPOUNDS





GRANT  2ESEARCH  4RAINING  .ETWORK  (02.#4  	² 
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